The effects of Rubus hyrcanus L. and Philonotis marchica (Hedw.) Bridon on runoff generation and soil loss from cutslopes of forest roads were investigated. The study was conducted at the northern forest of Iran, about 30 km south of the city of Sari. Runoff and sedimentation after each rainfall simulation and chemical and physical soil properties were measured in 14 plots with an area of 0. 
JOURNAL OF FOREST SCIENCE, 58, 2012 (8): 337-344 Vegetation plays an important role in controlling soil erosion (Zhou et al. 2006) . Many studies have emphasized the importance of vegetation cover on soil loss (De Oña et al. 2009 ). Higher amounts of vegetation cover are associated with a generalized delay in runoff, an increase in soil infiltration capa-city and a reduction of soil erodibility (Moreno-de lasheras et al. 2009 ). Most of roads in Hyrcanian forest are cut through the hilly and mountainous areas (Parsakhoo et al. 2009 ). These mountainous roads experienced soil erosion and numerous landslides in the past. Eroded materials from cut slopes block the ditch and culverts (Coker et al. 1993; Ziegler et al. 2001) . One of the most obvious signs of sedimentation in ditch is water overflowing on the road surface (Reid, Dunne 1984; Deletic 2001 ).
Shixiong Cao et al. (2006) indicated that vegetation cover could significantly reduce sediment yield from unpaved roads. The aboveground components of vegetation, such as leaves and stems, partially absorb the energy of the erosive agents of water and wind, so that less is directed at the soil, whilst the belowground components, comprising the rooting system, contribute to the mechanical strength of the soil (Morgan, Rickson 1995; Tague, Band 2001) . Malik et al. (2000) reported that ryegrass, crimson clover, lespedeza and tall fescue controlled about 64, 61, 51 and 37% of soil erosion, respectively. Zhou, Shangguan (2007) found that both the soil erosion rate and average infiltration rate were linearly correlated with root surface area density in cm 2 root surface area per unit soil volume. In a study in China it was demonstrated that the pine woodland induced the largest water loss to surface runoff, followed by sloping cropland, lucerne, semi-natural grassland and shrubland; the poor capability of pine woodland for water conservation was due to soil compaction and poor ground coverage under the tree (Chen et al. 2007 ). Roads sown with Bromusinermis, Elymussibiricus, Elymus, Poaannua could bear traffic loads up to 300 vehicles per year. Philonotis marchica (Hedw.) Brid., also known as philonotis moss, belongs to the family Bartramiaceae. It is widespread in the world. The species grows in calcareous wetlands in North, West and Central Europe, West Asia, Japan, Korea, North America, Algeria, Madeira (Šoltés 2008) . Rubus is a large genus of flowering plants in the rose family, Rosaceae. Most of these plants have woody stems with prickles like roses; spines, bristles, and glandtipped hairs are also common in the genus. The Rubus fruit, sometimes called a bramble fruit, is an aggregate of drupelets. In our study area Rubus hyrcanus L. had the most canopy coverage at the edge of forest road (Hosseini et al. 2001) .
The objective of this study was to compare the rate of runoff and soil losses from a cutslope covered by Rubus hyrcanus L. and Philonotis marchica (Hedw.) Brid. using simulated rainfall. The final objective was to produce a series of management recommendations based on the results of the study.
MATERIAL AND METHODS

Description of the study area
Lolet and Lattalar forests within the watershed number of 71 Tejen in the Hyrcanian zone of Iran were selected as the study area. Study was conducted in August and September 2011. The research site with a total area of 3,801 ha and perimeter of 32,784 m is located approximately on the coordinates of 36°12'55'' to 36°17'45'N and 53°8'20 ' to 53°13'55'E. The form coefficient and compactness coefficient of the study area are 0.82 and 1.5, respectively. Minimum altitude is about 300 m and the maximum is 1,650 m. The length of the main canal or ravine in Lattalar and Lolet forests are 5,000 m and 7,000 m, respectively. The region has a very moist to mid moist and cold climate with the mean annual precipitation of 800 mm. The bedrock is typically marl, marl lime and limestone with a soil texture of loam and clay loam. Forest stands are dominated by Fagus orientalis Lipsky, Carpinus betulus and herbaceous species of Carex silvatica, Buxus hyrcanus, Berachypodium silvaticum, Ruscus hyrcanus, Phyllitis scolopendrium, Rubus hyrcanus L. and Polypodium auidinum. Forest roads in the study area are used by off-road cars and offroad trucks. The traffic density is 5 vehicles per day. The mean of litter thickness on the fillslope and forest ground was 2 cm and on the cutslope and road surface it was 0.1 cm.
Research approach
14 rainfall simulations were carried out on three types of experimental plots on cutslopes ( 23°C was falling from the Schlick r18650 nozzle at 2 m above the cutslope onto a square area of 0.48 m 2 that was limited by a steel structure. Runoff water and sediment samples were collected by a water-gauge every 4 minutes and then runoff parameters including runoff volume, infiltration, runoff coefficient and time to runoff beginning as well as sediment parameters including sediment concentration, sediment yield and total soil loss were measured in each plot. Sediment was oven-dried at 105°C for 2 hours at least. Moreover, samples of the top soil (0-10 cm deep) were collected by a cylinder (484 cm 3 ) for physical (soil texture, bulk density and moisture) and chemical analysis (T.N.V or CaCO 3 and organic matter). Soil texture was determined by the Bouyoucos hydrometer method. Lime percentage (T.N.V or CaCO 3 ) was measured using the NaOH titration method. Soil organic carbon was determined using the Walkley-Black technique.
Statistical analysis
Randomized complete block design was used to analyse the effects of independent variables on quantitative factors of runoff and soil loss. Data were statistically analysed using the GLM procedure in SAS program. The SNK (Student Newman Keuls) multiple comparison test at a probability level of 5% was used to compare means among treatments and diagram designed by Excel software. Correlation analysis was conducted using Pearson's procedures.
RESULTS AND DISCUSSION
Although the percentage of plant cover measured in the present study was relatively high on the soil beneath two vegetation types, the levels were higher on the soil beneath Philonotis marchica (Hedw.) Brid. compared to Rubus hyrcanus L. The soil beneath Philonotis marchica (Hedw.) Brid. has a higher content of CaCO 3 (28.4%) compared to Rubus hyrcanus L. whereas the amount of silt (27.3%) in the soil beneath the Rubus hyrcanus L. was higher than that in the soil beneath Philonotis marchica (Hedw.) Brid. The amount of organic matter reflects the percentage of plant residues and soil organisms that have lived and died in the soils (Mohammad, Adam 2010) . In the present study the amount of organic matter in the soil beneath both species was higher than that in the bare soil (Table 1) . Organic matter content influences soil erosion through its effect on the stability of aggregates (Guerra 1994) . The vegetation type had a significant effect on runoff coefficient (P < 0.001) and soil loss (P < 0.05) from the cutslope. The percentage of litter and plant cover had significant effects on runoff parameters, as shown in Table 2 . The vegetation provides litter coverage on the soil surface in winter, which may not only prevent the direct raindrop impact, but also increase the soil stability due to the increased soil organic matter content (Zhang et al. 2004; Gyssels et al. 2005 ). There were significant differences among the different slope classes in the amount of surface runoff and sediment yield. Our results demonstrated that the time to runoff was significantly different among the different amounts of sand, silt and clay during the rainfall simulation (P < 0.001).
Results indicated that there were significant differences between Philonotis marchica and Rubus hyrcanus with respect to the runoff generation and sediment production. Vegetation dominated by Philonotis marchica exhibited the higher runoff coefficient and soil loss, with averages of 27.25% and 92.40 g·m -2 ·h -1 , respectively, in comparison to Rubus hyrcanus (Table 3) . Cerdà (2007) studied the road embankment erosion by means of simulated rainfall experiments (45 mm·h −1 during one hour on 0.41 m 2 plots) in Valencia province, Spain. He reported that the bare road embankments, still under construction, contributed with 30 times higher soil erosion than the vegetated ones. In a vegetated road, in 10 years old road embankments, runoff coefficient and soil erosion rates in winter were higher than those in summer. This was also observed for non-vegetated road embankments under construction. Vegetation provides a protective layer or buffer between the atmosphere and the soil by 
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*** * , ** , *** significant at a probability level of 5, 1 and 0.1 %, respectively, ns -not significant means of its canopy, roots, and litter components (Mohammad, Adam 2010) . Fig. 2 shows the behaviour of runoff during the 20 min rainfall simulation tests on road cutslopes. The runoff coefficient increased quickly during the first 8-10 min. Then it increased slowly until the end of the simulation tests probably because of the surface soil saturation with water (Vršic 2011) . The runoff flow beneath the cover of Rubus hyrcanus L. was lower than that beneath Philonotis marchica (Hedw.) Brid. The runoff coefficient on bare soil was higher than that beneath both plant species. In particular the moss layer would have a large storage capacity, as Sphagnum moss can absorb up to 16 times its air-dry weight of water (Schouwenaars 1993) . The litter beneath the Rubus hyrcanus L. was twice more than that of Philonotis marchica. This layer can absorb runoff and decrease the soil loss.
For Philonotis marchica (Hedw.) Brid. the sediment concentration increased quickly at the beginning of rainfall simulations and after 10-12 min from the beginning of the experiment, there was a fast decrease in sediment concentration. The peak of sediment concentration was for Rubus hyrcanus L. in the 13-15 th min (Fig. 3) . Fig. 4 shows the relationship between soil loss rates and runoff coefficient after rainfall simulations on different experimental plots. Soil loss from bare soil was higher than that of vegetation covered plots. Moreover, soil loss from plots covered by Philonotis marchica (Hedw.) Brid. was higher than that from plots covered by Rubus hyrcanus L.
There was a significant positive correlation between soil loss and runoff coefficient. Increases in the amount of surface runoff lead to an increase in soil loss from the cutslope. The soil loss decreased with increasing ground cover percentage (litter and plant cover) and decreasing runoff coefficient. It was proved that the amount of soil erosion decreased dramatically with the increase in vegetation coverage in the Loess Plateau of China (Wang, Wang 1999 ). Moreover, there was a significant negative correlation between soil loss and clay content of soil (P < 0.05). The soil loss decreased with increasing clay content (Table 4) . This fact agrees with the findings of Forsyth et al. (2009) and 
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